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Abstract 
The contribution contains the comparison levels of mathematical literacy of pupils with mild intellectual disabilities and intact 
pupils. The test tasks of international research TIMSS (Trends in International Mathematics and Science Study) have been used 
for data collection. There are pupils with mild intellectual disability at the 4th class of the 1st stage of primary school in the 
research group; the results have been compared with Czech pupils of the same class. 
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1. Introduction 
In this contribution there are presented results of a research focused on comparison of levels of mathematical 
literacy of pupils with mild intellectual disabilities and intact pupils.  
According to the nature of the disability we had presumed worse results at pupils with mild intellectual disabilities; 
however the question was if the pupils are able to solve at least some of the same tasks as intact pupils. This 
knowledge of actual mathematical literacy could help us in school practice when planning suitable didactical 
advancements, the use of appropriate working methods and setting of adequate educational goals. The results can be 
used as one of the important background information for the work with an increasing number of integrated pupils 
with such disability. This research is focused on mathematical literacy however it is a part of a broader plan, which 
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should deepen our knowledge in skills and abilities of children with mild intellectual disability, which we also 
investigated in previous studies. With the focus on motor skills of this group of pupils, respectively on comparison 
with intact population (Zikl, P. et al, 2013; Zikl, P. Tomášková, M., Zajíčková, B., 2012; Zikl, P., Maněnová, M., 
Kalusová, D., 2011).   
During research preparation we used published results of international research of mathematical literacy TIMSS - 
Trends in International Mathematics and Science Study (TIMSS and PIRLS International Study Centre). This 
research was made in the year 2011 at four classes of primary school and in autumn 2013 the texts of all task was 
published with detailed results therefore it was possible to use this material in further researches (Janoušková, 
Tomášek, 2013).  The free file contains in total of 69 tasks, where some of them contain more partial questions so 
that the actual number of tasks is higher. We can divide the tasks into two basic levels. The first group represents the 
ones which can be focused on the content, i.e. managing the curriculum. There are a number of categories which 
correspond with individual thematic areas of the curriculum (numbers, geometrical shapes, measurements, data 
representation etc.). The second part is represented by tasks requiring the application of skills (Hejný, 2013). Out of 
there it was necessary to choose the ones which would correspond with its content of the curriculum of primary 
practical schools where was also our research provided.  
Primary practical school is a type of a special school in the Czech Republic where children with mild intellectual 
disability can learn. These children can be also integrated into a common school (individual integration into a 
common school or a special class of a common school); however most of them are educated in primary practical 
school. The form and a place of education are chosen by parents and they can also use a recommendation of a 
counselling service. Our research was conducted at primary practical schools where are almost educated only pupils 
with mild intellectual disabilities and these schools are based on a modified training program (Framework Education 
Programme for Elementary Education, Annex for education of pupils with mild intellectual disabilities). Successful 
graduates of primary practical school obtain basic education, as successful graduates of common schools. 
2. Aims and methodology 
The main objective was the comparison of levels of mathematical literacy of pupils with mild intellectual 
disabilities and intact pupils at the 4th class of Primary school, respectively findings of differences between the 
results of pupils with mild intellectual disabilities and intact population.    
2.1. Preparation of a test battery and administration 
The selection of appropriate tasks was the basic precondition for obtaining relevant results. It was not possible to 
use test sets which had been used in the research of TIMSS, because of most tasks contained curriculum that was not 
taught at the primary practical school at the 4th class or there was the success rate of pupils at common schools very 
low. Therefore we had to create our own testing battery based on several criteria:  
x Comparisons of tasks TIMSS with the curriculum document and textbooks of primary practical school and 
selection of tasks, which corresponded with the curriculum of primary practical school up to the testing time (the 
testing was conducted in the second half of the 4th class). 
x Out of this group there were chosen tasks with a lower level of difficulty (in TIMSS lists in each task difficulty 
from 1 – 4; selected level 1 and 2) or such tasks which are although difficult however Czech pupils are good at.  
x Selection of tasks according to the curriculum category, to have in the resulting test battery all representing tasks 
of all basic categories, i.e. numbers, geometrical shapes and measurements, data representation.      
 
The tasks were chosen according to these criteria, and they were consulted with teachers of primary practical 
schools and they were verified in a pre-research on a group of 8 pupils. The resulting test file was made out of 17 
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tasks that we divided into two parts for the testing; there was a break in between (each test batteries TIMSS included 
ca 12 tasks). 
 
According to criteria the selection was quite narrowed down and in some case there was necessary to modify the 
specified format in order to have a sufficient number of tasks left. The modification had been made on five types of 
tasks. However it never occurred to change the character of the task and its goal, the change was mainly in the 
specified format. For example in one task there was used a fraction (½), which are the pupils of primary practical 
school taught as (a half, a quarter etc.) without the notice as a fraction. In the task there was an expression “colour ½ 
in a triangle“changed into “colour the half of the triangle).  
Due to health disabilities of pupils the administration was also had been adapted to their capabilities. Firstly the 
test was divided into two short parts (always ca 20 min) with a break. Because of pupils with mild intellectual 
disabilities have in the 4th class often problems with reading comprehension, so that the task was also read to them 
otherwise there would be a significant reflection of a deficit in literacy which we wanted to avoid. The 
administration was made in smaller groups of ca 5 pupils to have a better control and possibly help. It consisted in 
repeated task reading, explanation of the term (e.g. in one task there is used a term “a caricature“which the pupils 
very often did not know) or specification how to write or mark an answer.  
2.2. Research group 
Table 1 describes the description of the research group. The whole test file was filled by 48 respondents from the 
4th class of primary practical school (9 schools). Their results were compared with the data from investigation of 
TIMMS, which Czech school inspection provided to us. Data contained answers of individual respondents for all 
questions in our file (647-664 respondents). 
A relatively significant issue was to gain adequate number of respondents because of each primary practical 
school are mostly small and there are usually only a few 4th grade pupils (there are often associated two grades into 
one class and the maximum number of pupils is 14). Further restriction was the need to obtain permission for testing 
that was anonymous from the school management, even though some schools refused. Only pupils with mild 
intellectual disabilities were included into the research file. Pupils with moderate or border line (mild and moderate) 
MD were excluded from the research however they attend the school sometimes and also together with pupils with 
combined disabilities who could not enable to fill the test due to the test administration or understanding of the 
issues (e.g. children´s autism). Data collection has been still in a process and data will be gradually clarified.  
Investigation of TIMSS took place at the 4th class of primary schools where pupils aged around 9 years attend. 
There is a different situation at primary practical schools because of greater proportion of pupils use so called 
postponement before a compulsory school attendance (in the Czech Republic from  6 years of age) or they attend a 
preparatory class  and so that they can attend the first class later (the latest when they reach 8 years of age). A part of 
pupils with MID  also repeat the year so that the average age is increasing in our research file. The pupils of the 4th 
class of primary practical school are therefore a year older than pupils of the 4th class of common primary schools. 
This fact should be taken into an account during interpretation of all research results.  
     Table 1. Description of research file. 
 Pupils with mild 
intellectual 
disability 
Intact pupils 
Number (boys/girls) 48 (25/23) 
(52%/48%) 
647-664* 
(50,5%/49,5%) 
Average age 11,3 10,4 
*Questions were arranged in several test batteries and a different number of respondents replied 
to these. 
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3. Research results 
Obtained data were processed with the help of statistical software NCSS 2007 and software MS Excel. There 
were determined absolute frequencies, relative frequencies and dependence was tested on the basis of the test Chi-
Square Test for a Pivot Table. For testing there was chosen a level of significance α = 0,05. 
In the following graphs there presented the comparison of pupils results with mild intellectual disability and intact 
pupils. The results are divided by categories of each task for a better clarity. Graph 1 contains tasks chosen from a 
chapter “Numbers“, subhead “Natural numbers“ from an investigation of TIMSS. These are tasks focusing mainly 
on the application of knowledge while solving of tasks from a common life, where for solution the respondent 
should choose a simple arithmetic operation (counting, multiplication, division with remainder). When solving of 
these tasks the pupils with MID were worse at 26,6 % - 95,5 %, the average of all tasks is  54,6 %. In this part of the 
test only one question appeared, where pupils with MID achieved a better result than other intact pupils  (question 
M16 at 12,9 %).  
 
Graph 1. Comparison of correct answers of pupils on questions focused on a category Numbers (natural numbers);  
marking columns on the axis X these are numbers of tasks in investigation of TIMSS   
In the Graph 2 we can see a continuation of tasks from the chapter “Numbers“, this time these are tasks requiring 
the knowledge of numeric entry and simple operations (determination of a missing number in the arithmetical 
problem of multiplication, determination of a correct mathematical notation of word problem, continuation of 
numbers). Only the first question (M22) is focused on fractions, pupils were asked to colour a half of a triangle that 
was divided inside on four identical parts. The results of pupils with MID were in these arithmetical problems worse 
by 37,1 % - 73,7 %, on average by 51,6 %. 
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Graph 2. Comparison of correct answers of pupils on questions focused on a category Numbers (numerical records with natural numbers, 
factions); marking columns on the axis X there are numbers of tasks in investigation of TIMSS   
Graph 3 describes results of five tasks focusing on the knowledge of geometrical shapes and measurements 
(finding the field in the square by coordinates, knowledge of basic geometrical shapes on common subjects, counting 
of rectangular boxes placed on each other etc.).  Also here is the result very similar as in the previous parts, pupils 
with MID were worse in average of 49,6 % (17,6 – 76,2 %).  
 
Graph 3. Comparison of correct answers of pupils on questions focused on category Geometrical shapes and measurement;  
marking columns on the axis X these are numbers of tasks in investigation of TIMSS 
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In the last Graph 4 we can see two tasks which is one of the questions focused on data representation. This 
curriculum (reading from tables, graphs, diagrams, comparison of data from there, data representation) is not 
included in the curriculum of primary practical school and therefore we chose only two very simple tasks (difficulty 
1, success rate of intact pupils more than 80 %), whereas pupils with MID were relatively successful, respectively 
worse only by 19,2 % (reading from a circle diagram) and 38,3 % (finding answer on a simple question in four 
simple graphs). 
Graph 4. Comparsion of corroct answers of pupils focused on category Data representationt;  
marking of columns on the axis X these are numbers of tasks in investigation of TIMSS 
 
The results show a noticeable worse result of pupils with MID on an average of 49%. The average differences in 
individual thematic areas are not significant, it was always close to around 50%, with the exception of the last (data 
representation) where the result was a bit better but there were only two tasks and they were very easy.  
We were also interested in if the success rate will differ between the easy and difficult questions. We had 
presumed that in easy questions there would not such a difference between pupils with MID and intact population, 
whereas in more difficult questions the difference would be increasing, or pupils with MID would not be able to 
solve them. We successfully managed to select questions corresponding with the pupils’ possibilities because of 
almost zero success was found on pupils with MID in one task. For results comparison of easy and difficult tasks we 
had divided them into very easy (6 tasks of difficulty 1 in TIMMS) and difficult (5 tasks of difficulty 3 and 4 in 
TIMMS). While in the easy tasks were pupils with MID worse by 38,3 %, so the most difficult tasks were by 45,8 
%. The only task where pupils with MID were better than the intact population was surprisingly question M16 which 
has difficulty 4. The greatest difference was seen in the task with difficulty 2 (63%). The worst five results had 
pupils with MID in tasks with difficulty 2 – 4 (3x2, 1x3, 1x4) and in the best five results we can explore all levels of 
difficulty practically evenly (2x difficulty 1, 1x2, 1x3, 1x4). We may conclude that the difference between pupils 
with MID and intact population can vary quite significantly but it was not due to the tasks difficulty, at least not 
dominantly.  
When a more detailed analysis of results (difference between pupils with MID and intact pupils) we have found 
another factor. This factor was the form of the answer. In some part of the questions the respondents correspond in 
the form of writing answers and the part has a form of choice of four options. In our task file there were 9 questions 
without the choice to choose an answer where pupils with MID were worse on average of 61,7 % and 8 questions 
with the choice to answer, where the difference was only 35,2 %. We have also compared five questions with the 
highest difference (73,7 % - 95,5 %) and there were four with a free response. On the contrary in questions with the 
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smallest difference (-12,9 % - 37,1 %) there were four questions with the choice. We can state that the possibility to 
choose an answer for pupils with MID probably significantly helped with finding the correct answer than in intact 
population.  
We can illustrate this also on one questions where pupils with MID were better. It was a question No.16, where 
pupils were asked to identify how many cans of paint (each 5 l) is needed to buy when they a buyer need 37 l of 
paint. There were possibilities to choose 5, 6, 7, 8 cans. In this question we also had to accept the biggest change in 
the task, because of the pupils from the 4th grade of primary practical school did not learn during the testing period 
multiples of 5, however they successfully went through multiples of 3. Therefore in the task instruction were cans 
(each 3l) and a buyer needed to buy 23 l. The choice of answers stayed the same. The correct answer was D and it is 
likely that pupils with MID almost did not count as it requires division with remainder, but they only estimated the 
needed number of cans and marked a possibility with the highest number. A similar mechanism could have been 
applied also in other questions with multiple choices, where pupils chose rather intuitively and relatively correct. In 
every way the multiple choices of answers enabled them to reduce the gap between them and intact pupils. However 
to use practical literacy in a common life usually requires accomplishment of a correct result without the multiple 
choice possibility. 
For individual tasks there was made testing of relationship between results of intact population and the results of 
the research sample. In all 16 tasks there was positive correlation between the results and the selection of pupils 
(Chi-Square Test). 
4. Discussion 
The data collection was provided in the environment of a special school and the question is what would the final 
results were of pupils with MID who were integrated in common school. Also in this group of pupils there is a 
significant integration trend, their gradual integration into schools is the main educational stream. This contribution 
is not confused on the issue of integration of this group pupils, but raises the question what consequences in the field 
of mathematical literacy will have a joint education of these children with MID who will achieve significantly worse 
results in comparison with the majority population. Pupils in our research achieved these results in the environment 
with a small number of pupils, whose teachers have experience of education in the field of special education, they 
can use services of other experts directly at school, they have special textbooks and workbooks etc.  
Unfortunately the reality of the current Czech Republic is very difficult to gain a sufficient number of 
respondents from the area of integrated pupils with MID, who are scattered (we need extra only 4th grade pupils), 
there is no data about schools/classes where these pupils are educated and even when they are found it is not easy to 
get a permission with their testing. However we will try hard to find some other data in the next round of the 
research.  
It should be also reminded that for testing tasks containing curriculum of primary practical school had been 
chosen which are significantly reduced and the comparison is based on only from this reduced curriculum. If the 
comparison was set in all tasks of TIMSS than the results of pupils with MID would be substantially worse. 
Furthermore the pupils with MID had more time to fill in, the instructions were read to them and in total the testing 
had been adapted to their capabilities, that increased their chance to achieve the task. Such adapted conditions are 
common also in other types of testing and evaluation at schools.  
5. Conclusion 
The research confirmed worse results in the area of mathematical literacy of pupils with mild intellectual 
disabilities namely ca by 50% in contrast with intact population. For results of pupils with MID had a great impact 
the multiple choice. In these types of questions the difference between them and intact population was reduced on 
35%, whereas in open questions it was 62%. This factor should be taken into an account when further testing and 
also during results’ interpretation. The next factor is the age of pupils which influences the interpretation. The data 
was collected in both groups in the 4th class but the pupils with MID are in the class a year older than their intact 
classmates. This difference is likely to impact also their relatively high success rate in solving problems.  
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The result of pupils with MID was worse than in all types of problems (tasks with number, measurements from a 
daily life etc.). On the other hand it showed that these pupils are also able to solve relatively complex tasks if are 
sufficiently familiar with appropriate curriculum. However pupils of the 4th class of primary practical school with 
MID were taught only a small part of the curriculum in comparison with intact pupil, their curriculum had been 
significantly reduced (most tasks from the investigation of TIMSS could not be used). To manage the reduced 
schoolwork the pupils with MID had more time than intact pupils, even though there was still a relatively high 
difference. That is important to keep in mind and place corresponding demands on pupils with mild intellectual 
disabilities mainly in case of integrated pupils.  
Not only long time enough for practising or extra lessons but it is also necessary to reduce the schoolwork, use 
appropriate teaching methods, individualization of work and further supportive measure and even so we must reckon 
with a significant difference in the level of mathematical literacy between pupils with MID and intact pupils.  
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